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To evaluate the reliability of the videodensitometric as-
sessment of right ventricular ejection fraction, 38 pa-
tients were studied during diagnostic cardiac catheter-
ization. Digital subtraction images of the right ventricle
were obtained in both the right anterior oblique and the
left anterior oblique views, using direct intraventricular
injection of dilute contrast medium. From the end-dia-
stolic and end-systolic images obtained in each view,
analysis of the relative brightness values generated a
videodensitometry-based right ventricular ejection frac-
tion for both the right and the left anterior oblique views.
These values were compared with those generated by
applying the geometry-based Simpson's rule to the or-
thogonal images.
Right ventricular ejection fraction ranged from 22 to
88%. Videodensitometric ejection fraction in the right
anterior oblique viewcorrelated wellwith that in the left
The current technique used for accurately displaying the
three-dimensional geometry of the right ventricle is contrast
biplane right ventriculography, The ventriculograms ob-
tained from direct injection of full strength contrast medium
imaged in two orthogonal planes provide the best spatial
resolution and delineation of the tricuspid and pulmonary
valve planes. In addition , using plastic casts derived from
autopsy specimens (1-3) , several models have been vali-
dated using biplane right ventricular images for calculation
of right ventricular volume s. Calculation of end-diastolic
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anterior oblique view (r = 0.88) and each correlated
wellwith geometry-based ejection fraction (r =0.91 and
0.82, respectively). In a subset of 18 patients without
significant cardiac disease, mean videodensitometric right
ventricular ejection fraction was 68% (versus 61% in
the abnormal subset), and it correlated closely with left
ventricular ejection fraction (r = 0.82).
Videodensitometricanalysis of digital subtraction im-
ages provides a reliable method for calculating right
ventricular ejection fraction that is independent of ge-
ometry and reliably separates normal from abnormal
values. Application of videodensitometric techniques
should simplify analysis of the response of the right ven-
tricle to different interventions in patients with cardiac
disease.
(J Am Coli CardioI1987;10:150-S)
and end-systolic volumes allows derivation of right ven-
tricular global ejection fraction .
Biplane right ventricular angiography , however, has sev-
eral drawbacks. First, a biplane X-ray unit is needed. If
only a single plane camera is available , two injections in
orthogonal views are necessary to image the right ventricle .
Second, a full dose of contrast agent is necessary . Third,
any interventional study comparing right ventricular ejection
fraction before and after an intervention would require a
minimum of two full dose biplane angiograms.
Nuclear imaging using first pass or equilibrium blood
pool techniques provides a more convenient approach to
interventional studies involving the right ventricle, but this
cannot be easily performed in the catheterization laboratory
if pressure monitoring is needed (4, 5). Digital subtraction
angiography provides a method for lowering the total dose
of contrast medium used but orthogonal views are still nec-
essary to accurately assess right ventricular ejection fraction
(6) .
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Data are presented as mean values ± SD. Geo-RVEF = right ven-
tricular ejection fraction calculated using the geometry-based Ferlinz bi-
plane formula (2); PAP = pulmonary artery pressure; RV-EDV = right
ventricularend-diastolic volumeas calculated using Simpson's rule; Simp-
son's RVEF = right ventricular ejection fraction calculated using Simp-
son's rule applied to the biplane images; VID-RAO-RVEFand VID-LAO-
RVEF = right ventricular ejection fraction calculated using the video-
densitometric counts in the right anterior oblique view and left anterior
oblique view, respectively.
Imaging system. A Philips Poly Diagnost angiographic
system coupled to a Fisher Imaging DA-lOO digital sub-
traction radiographic system imaging at 30 frames/s with a
512 x 512 pixel size matrix was used to acquire images
in real time during the catheterization procedure. Images
were acquireddirectly onto hard disk memory for later post
processing.
Digital subtraction right ventriculograms were per-
formed with a 7F Bermanballoonangiography catheter with
the tip positioned in the body of the right ventricle from
either the femoral or brachial approach. Meglumine diatri-
zoate (Renografin-76) diluted 1:1 with saline-flush solution
was injected at a rate of 18 mils for a total volume of 40
m!. Acquisitions were performed in orthogonal views using
30° right anterior oblique and 60° left anterior oblique an-
gulation. Test exposures were made to determine the kil-
ovolts and milliamperes that produced video levels that could
be adequately processed and optimized image quality. The
average X-ray tube voltage was 65 kV with a mean tube
current of 250 to 300 mA.
A blurred mask image, which includes the balloon-tipped
catheter, wascreatedby averagingseveralnoncontrast-filled
images from the digital acquisition. The mask was then
subtracted from each image in the contrast-filled portion of
the acquisition. End-diastolic and end-systolic images were
selected, and the end-diastolic and end-systolic regions of
interest were drawn around the corresponding silhouettes
using a cursor. Another regionof interest was drawn around
the area corresponding to the stroke volume for background
correction. The brightness data for each frame in the right
ventricular region of interest were measured. From the peak
and trough of the brightness data measured during the first
cycle after injection of contrast medium into the right ven-
Table 1. Clinical and Hemodynamic Characteristics of 38
Study Patients
The use of single plane videodensitometric analysis of
digital subtraction images, an approach that is independent
of geometricassumptions, shouldprovidean easierand safer
method of calculatingthe relativevolumesandejectionfrac-
tion of the geometrically complex right ventricle. The pur-
pose of this study, therefore, was to assess the accuracy of
videodensitometry by comparing, in the same patient, vi-
deodensitometry-based right ventricular ejection fraction
obtainedfrom the digital subtractionimagesof two different
geometric contours: the pyramidal contour seen in the right
anterior oblique view versus the crescent-shaped contour
seen in the left anterior oblique view. In addition, we com-
pared the single plane videodensitometry based ejection
fraction with that calculatedusing the geometry-based Simp-
son's rule (I), and with the right ventricularejection fraction
derived from the geometric formula of Ferlinz et a!. (2).
Methods
Study patients. The patientsevaluatedin this studywere
selected from 135 consecutive patients undergoing cardiac
catheterization. Patients with unstable angina characterized
by pain at rest, clinical signs of tricuspid regurgitation,
significant left main coronary artery disease (>75 to 80%
narrowing of luminal diameter), severe valvular heart dis-
ease (aortic or mitral valve area < lcrrr') or moderate or
severe pulmonary hypertension (mean pulmonary artery
pressure>35 mm Hg) were excluded from study. In 40 of
the 135 patients, additional right ventriculography wasjudged
not to be contraindicated and informedconsentwas obtained
for right and left heart cardiac catheterization and digital
subtraction right ventriculography, which was performed
after coronary and left ventricular angiograms were ob-
tained. Two patients were later excluded because right ven-
tricular imaging was technically unsatisfactory as a result
of motion artifact. The remaining 38 patients constitute the
studygroup. There were 26 men and 12 womenwitha mean
age of 55 ± 12 years. Cardiac catheterization was per-
formed to assess: 1) the extent of coronary artery disease
in patients with a chest pain syndrome (n = 24), and 2)
the severity of valvular heart disease (n = 6), idiopathic
cardiomyopathy (n = 6), and congenital atrial septal defect
(n = 2). All patients studied had normal sinus rhythm.
The 38 patients were classified into two groups (Table
1). Group I comprised 18 patients who underwent cardiac
catheterization for a chest pain syndrome and were found
not to have significant cardiac dysfunction: I) none had
previous myocardial infarction or hypertension; 2) all had
a normalelectrocardiogram (ECG), mean pulmonary artery
pressure, left ventricularend-diastolic pressure and left ven-
triculograms; and 3) none had severe coronary disease (>80%
narrowing in luminal diameter in either the left or right
coronary artery). Group 2 comprised 20 patients with sig-
nificant coronary, valvular or congenital heart disease.
Age (yr)
Sex (male/female)
Mean PAP (mrn Hg)
RV-EDV (rnl/rrr')
Simpson's RVEF(%)
Geo-RVEF(%)
VID-RAO-RVEF(%)
VID-LAO-RVEF(%)
Group I
(n = (8)
58 ± 9
13/6
15 ± 3
82 ± 15
68 ± 9
67 ± 7
66 ± 9
65 ± 10
Group 2
(n = 20)
52 ± 13
12/7
28 ± 8
110 ± 28
59 ± II
59 ± 12
56 ± II
56 ± 12
p Value
NS
NS
<0.01
<0.04
<0.01
0.01
<0.01
0.02
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lED - IEs%RVEF = x 100%,
lED - (AEDIABG) x IBG
where lED and IES are the sum of the gray levels in the end-
diastolic and end-systolic region of interest frames, IBG is
the sum of the gray levels in the end-systolic background
frame and AED and ABG are the areas of the end-diastolic
and background regions of interest, respectively. Ejection
fraction values were calculated in both right anterior oblique
and left anterior oblique projections. As mentioned earlier,
dye was injected directly into the right ventricle and not
into an upstream mixing chamber. Therefore, we assessed
the adequacy of mixing to guarantee a relatively uniform
concentration of dye throughout the cardiac cycle used for
the ejection fraction calculation. We analyzed the video-
density over the proximal pulmonary artery at end-diastole
for the beat before, during and immediately after the cycle
used for the ejection fraction measurement. The mean vari-
ation in videodensity between these three beats was 9.9%.
Image processing, selection of regions of interest and
generation of the time-density curves for all of the patients
were performed by one of us (X.F.), without knowledge of
the ejection fraction data obtained from analysis using the
geometry-based formula (performed by C.M.). The intraob-
server variability for the individual determinations of right
ventricular ejection fraction using videodensitometry was
± 5% for a sample of both Group I and Group 2 patients.
This sample was also assessed by a second observer who
was unaware of other patient data, resulting in a mean dif-
ference in calculated right ventricular ejection fraction be-
tween the two observers (interobserver variability) of 5.3%.
The geometry-based right ventricular volume and ejec-
tionfraction measurements were calculated using Simpson's
rule. In this model the right anterior and orthogonal left
anterior oblique images obtained from the digital subtraction
aquisitions were divided into an equal number of segments
or slices 0.5 em in thickness (I). The cross-sectional area
when viewed from above was assumed to be an ellipse, the
volume of each segment was calculated and the volume of
the segments were summed using Simpson's rule, as de-
scribed in detail by Gentzler et al. (I). The true volume
was then derived by applying the function: true volume =
0.75 (calculated volume). The standard error of the estimate
(SEE) using this technique was 4.7% (I).
A second, more commonly used geometry-based model
for right ventricular ejection fraction, that of Ferlinz et al.
(2), was also calculated. Briefly, this method assumes that
the right ventricular chamber resembles a pyramid with a
triangular base. The volume of the right ventricle was cal-
culated from the expression:
_ 0.6 (A RAo x AL A o ) 3 9VRV - + .,LRAo
where ARA o and AL A O are the areas of the right and left
anterior oblique right ventricular silhouettes, respectively,
measured by planimetry, and LRA o represents the length of
the line that bisects the pulmonary valve and the base in the
LAO
GEO-EF=58%
(Biplane)
LAO
GEO-EF=76%
(Biplane)
RAO
RAO
PI.O?
Figure 2. The outline of the contrast right ventriculogram for
Patient 17 in the right and left anteriorobliqueviews togetherwith
the respective time-density curves. Abbreviations as in Figure I.
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tricle was completed (cycle I of the time-density curve)
(Fig. I and 2), an end-diastolic and an end-systolic "vi-
deodensity" were determined. The brightness data were
logarithmically converted to produce a linearity between
videodensity and contrast depth that the X-ray beam tra-
versed in accordance with the Lambert-Beer relation. This
linearity was verified using contrast-filled phantoms created
for validation of a stenosis quantification technique (7).
Determination of right ventricular ejection fraction.
The right ventricular ejection fraction (RVEF) was then
determined using the method described by Nalcioglu et al.
(8), who used the following formula:
Figure 1. The outline of the contrast right ventriculogram for
patient (Pt) 07 in the right anterioroblique (RAO)and left anterior
oblique (LAO) view is seen in the upper panel together with the
right ventricularejectionfraction calculatedusing the biplanegeo-
metric formula of Ferlinz (GEO-EF). In the lower panel, under
each contrast ventriculogram, is the respective time-density curve
with the right ventricular ejection fraction calculated using the
videodensitometric method (VID-EF).
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Results
Videodensitometric right ventricular ejection frac-
tion: right versus left anterior oblique views. Application
of the videodensitometric technique to the total study group
of 38 patients revealed the following. Values for right ven-
tricular ejection fraction obtained in the right anterior oblique
view ranged from 28 to 85%, whereas values in the left
anterior oblique view ranged from 22 to 88%. Figure 3
shows that a significant linear correlation existed between
ejection fraction values obtained in the right anterior oblique
view and those obtained in the left anterior oblique view (r
= 0.88, SEE = 5.3). In addition, the values are relatively
evenly distributed around the line of identity.
Videodensitometry versus geometry-based right ven-
tricular ejection fraction. The relation between right ven-
tricular ejection fraction obtained from each of the single-
plane videodensitometric calculations in the right and left
anterior oblique views is compared with the biplane ge-
ometry-based results in Figures 4 and 5. There is a signif-
right anterior oblique view. The ejection fraction was de-
termined by dividing the difference between the end-dia-
stolic and end-systolic volume by the end-diastolic volume.
Statistics. Data are presented as mean values ± SO.
The Student's t test was used to compare differences be-
tween mean values for Group I versus Group 2. The ejection
fractions determined by videodensitometric and geometric
formulas were then compared, using standard linear regres-
sion techniques.
Figure 3. The relation between right ventricular ejection fraction
(RVEF) calculated using the videodensitometric method in the
right anterior oblique view (VID-RAO) and the left anterior oblique
view (VID-LAO). The solid line represents the actual regression
line and the broken line represents the line of identity.
Figure 4. Right ventricular ejection fraction (RVEF) calculated
using the videodensitometric method in the right anterior oblique
view (VID-RAO) (upper panel) and the left anterior oblique view
(VID-LAO) (lower panel) compared with the right ventricular
ejection fraction using Simpson's rule. EF = ejection fraction.
icant linear correlation between right ventricular ejection
fraction obtained by videodensitometry and that obtained
using Simpson's rule in both the right (r = 0.91, SEE =
4.2) and left (r = 0.82, SEE = 5.4) anterior oblique views.
A significant linear correlation was also observed between
right ventricular ejection fraction obtained by videodensi-
tometry and that obtained using the geometry-based Ferlinz
formula in both the right (r = 0.91, SEE = 4.0) and left
(r = 0.88, SEE = 4.3) anterior oblique views.
Right ventricular ejection fraction in patients with
versus those without significant cardiac dysfunction (Ta-
ble 1). In the subset of patients without significant cardiac
dysfunction (Group I), mean right ventricular ejection frac-
tion using videodensitometry was 66% and 65% for the right
and left anterior oblique views, respectively. In Group 2
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(with significant cardiac dysfunction) values were signifi-
cantly lower for each views.
Figure S. Right ventricular ejection fraction (RVEF) calculated
using the videodensitometric method in the right anterior oblique
view (VID-RAO) and left anteriorobliqueview (VID-LAO) com-
pared with the right ventricular ejection fraction using the biplane
geometric formula (OEO-RVEF) of Ferlinz et al. (2).
tion fractions resulted in a mean difference in right ven-
tricular ejection fraction between the two views of <5%.
Because no one geometric form can be applied as a model
to all the right ventricular shapes one may encounter in
health and disease, the single-plane videodensitometric
technique offers considerable advantage over previous geo-
metric models in assessing right ventricular ejection frac-
tion. More important, using videodensitometry of digital
subtraction images, analysis of the response of the right
ventricle to different stresses or interventions would be
easier and safer to undertake because lower doses of contrast
medium can be used, and imaging may be performed using
single plane analysis.
Comparison with previous studies. Although studies
have appeared using videodensitometry for right ventricular
analysis (6,9-11), we are not aware of any previous study
validating single plane videodensitometric right ventricular
ejection fraction by comparison with biplane geometry-based
right ventricular ejection fraction. Using right ventricular
images obtained from intravenous injection of contrast me-
dium in only the right anterior oblique view, Detrano et al.
(9) demonstrated a close correlation between right ventric-
ular ejection fraction calculated from videodensitometric
analysis of digital subtraction images and that obtained by
radionuclide first pass imaging. However, in several of their
patients there was uncertainty regarding the position of the
tricuspid valve plane, making the comparison between these
two imaging techniques difficult. Our approach using direct
intraventricular injection avoids the problem of an ill defined
tricuspid valve plane. However, intraventricular injection
may introduce other sources of error such as insufficient
mixing and ventricular arrhythmia. Our analysis of the vi-
deodensity overlying the proximal pulmonary artery during
three consecutive cycles suggested that adequate mixing had
taken place in our patients. Nissen et al. (10) described
videodensitometric analysis of digital subtraction images
that they validated using phantom casts with variable vol-
umes. However, no comparison was made with any estab-
lished models of right ventricular analysis. Moreover, in
their normal control group, they observed a mean value for
right ventricular ejection fraction of 51%. This value is
significantly lower than the normal mean values observed
in previous reports using geometric models that were val-
idated using casts of autopsy specimens (1-3). In keeping
with these earlier reports, videodensitometric analysis of
our subset of patients without significant cardiac disease
revealed a mean right ventricular ejection fraction of 68%.
Identification of the normal absolute value for right ven-
tricular ejection fraction needs further study.
Limitations. The videodensitometric method we applied
has several limitations. First, although injection of contrast
medium directly into the right ventricle avoids the problem
(as in radionuclide or intravenous digital subtraction angi-
ography methods) of defining the tricuspid valve plane, there
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Discussion
The data presented suggest that single plane videoden-
sitometric analysis of relative volumes to determine the ejec-
tion fraction of the right ventricle is truly independent of
geometry and is reproducible. In the right anterior oblique
view the right ventricle presents as a triangular contour,
whereas in the left anterior oblique view it appears as a
crescent. Regardless of the shape analyzed, application of
the videodensitometric technique over a broad range of ejec-
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is no upstream mixing chamber to assure adequate mixing.
However, our observation of a relatively uniform density
of contrast in the proximal pulmonary artery over three
cycles suggests that mixing was adequate enough to assure
a uniform concentration of dye in the right ventricle. Sec-
ond, induction of premature ventricular contractions is not
uncommon with an intraventricular injection. All of our
data, however, were derived from consecutive sinus beats.
Third, the catheter has to be placed close to the apex and
an adequate amount of dye administered so that the right
ventricular apex can be completely filled with contrast me-
dium. This is important because inadequate mixing of dye,
together with the heavy trabeculation seen at the apex and
septal surface, may make edge detection in the right anterior
oblique view difficult. Fourth, we observed a trace of cath-
eter-induced tricuspid regurgitation. Any tricuspid regur-
gitation will artifactually reduce the calculated ejection frac-
tion, especially in the left anterior oblique view. It is possible
that some of the variation we observed between videoden-
sitometry-basedejection fraction in the right versus left oblique
views was secondary to catheter-induced tricuspid regur-
gitation.
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